Bryonia cretica L., is a Cucurbitaceae plant growing widely in the western Mediterranean coastal region and in Egypt.
pene glycosides, bryoniaosides A (1, 0.0091%) and B (2, 0.0028%), together with 16 known cucurbitane-type triterpenes, cucurbitacins B [16] [17] [18] 18, 26, 27) (0.030%), D 27) (0.0057%), I [28] [29] [30] (0.0039%), and J 22) (0.0035%). (Table 2 , CD 3 OD) spectra of 1, which were assigned based on various NMR experiments, 31) showed signals assignable to eight methyls [ . The carbon skeleton and the positions of functional groups were revealed by the heteronuclear multiple-bond correlations (HMBC) experiment, which showed long-range correlations between the following protons and carbons (Glc-H-1 and C-3; Rha-H-1 and C-25) (Fig. 1) . Next, the stereostructure of the aglycone part of 1 was characterized by nuclear Overhauser enhancement spectroscopy (NOESY) experiment, which showed NOE correlations between the following proton pairs (H-8 and H 3 -18, 19; H-10  and H 3 -28, H 3 -30; H-17 and H 3 -30) . The stereostructure of the 20-position in 1 was deduced by comparison of 13 C-NMR data around the 20-position of 1 with those of related triterpenes. [32] [33] [34] [35] On the basis of this evidence, the structure of bryoniaoside A (1) was determined to be as shown. 748 Vol. 58, No. 5 (Fig. 1) . Finally, the stereostructure of 2 was characterized by NOESY experiment, which showed the NOE correlations between the fol- (3) (4) (5) (6) (7) (8) (9) on the proliferation of U937 cells were examined. As shown in Table 3 , all compounds tested showed concentration-dependent and time-dependent inhibition of the cell proliferation. The compounds 3 and 5 had the greater effects with IC 50 values at 72 h of 9.2 and 16 nM, respectively, while the 23,24-dihydro derivatives (6, 7) and the 25-deacetyl derivative (4) were markedly less active with IC 50 values at 72 h of 0.22, 3.3, and 0.33 mM, respectively (Table 3) .
Structures of Bryoniaosides A (1) and B (2)
Previously, cucurbitacins B (3), E (5), and I and related compounds were reported to show cytotoxic effects in several cell lines including A549, MDA-MB-468, HepG2, and KB, but not in U937 cells, and their apoptosis-inducing activity mediated by the inhibition of Janus kinase (JAK)/signal transducer and activator of transcription 3 (STAT3) signaling at a high concentration (1-10 mM).
36-41) Bartalis and Halaweish reported that the glycosides of cucurbitacins E (5) and I were less toxic than the aglycones. 36) In addition, Chen et al. recently reported the importance of an a,b-unsaturated ketone in the side chains and the 25-acetoxy group in a preliminary analysis of structure-activity relationships. 38) Consistent with the results of these studies, 36, 38) 15) was not effective less than 30 mM (inhibition: Ϫ7.7Ϯ1.3% at 30 mM after 72 h). Our results also demonstrate that an a,b-conjugated ketone moiety at the 22-24 positions and an acetoxy group at the 25 position are essential for the greater activity [3 (9.2 nM)Ͼ6 (0.22 mM); 5 (16 nM)Ͼ7 (3.3 mM); 3 (9.2 nM)Ͼ4 (0.33 mM)]. In addition, the structure of the A ring is also important [3 (9.2 nM)Ͼ5 (16 nM); 6 (0.22 mM)Ͼ7 (3.3 mM)].
cucurbitacin E 2-O-b-D-glucopyranoside from the fruit of Citrullus colocynthis
In the present study, cucurbitacins B (3) and E (5) from B. cretica showed strong cytotoxic effects in U937 cells at low concentrations (IC 50 ϭ9.2 and 16 nM), and their IC 50 values were equivalent to that of camptothecin. The mechanism of action of cucurbitane-type triterpenes, including JAK/STAT3 signaling, should be examined further using U937 cells.
Experimental
The following instruments were used to obtain physical data: specific rotations, Horiba SEPA-300 digital polarimeter (lϭ5 cm); IR spectra, Shimadzu FTIR-8100 spectrometer; FAB-MS and high-resolution FAB-MS, JEOL JMS-SX 102A mass spectrometer; 1 H-NMR spectra, JNM-LA500 (500 MHz); D-glucose (ii) from 1 and 2 present in the aqueous layer was carried out by comparing their retention time and optical rotation with those of authentic samples [t R : (i) 7.8 min (negative optical rotation) and (ii) 13.9 min (positive optical rotation)], respectively.
Cell Culture Human leukemia U937 cells (Cell No. JCRB9021) were obtained from Health Science Research Resources Bank (Osaka, Japan). They were maintained in RPMI1640 medium supplemented with 10% fetal bovine serum (FBS), 100 units/ml penicillin, and 100 mg/ml streptomycin.
Cytotoxicity Cytotoxicity was assayed as described previously. 42) Briefly, after a 20, 44, or 68-h incubation of U937 cells (5ϫ10 3 cells/ 100 ml/well) with test compounds in RPMI1640 medium supplemented with 10% FBS in 96-well microplates, 10 ml of WST-8 solution (Cell Counting Kit-8 TM ) was added to each well. After a further 4 h in culture, the optical density of the water-soluble formazan produced by the cells was measured with a microplate reader (Model 550, Bio-Rad) at 450 nm (reference: 655 nm). Camptothecin was used as a reference compound. Inhibition (%) was calculated with the following formula and the IC 50 value was determined graphically.
inhibition (%)ϭ(AϪB)/Aϫ100
A and B indicate the optical density of vehicle and test compound-treated groups (nϭ4).
Statistical Analysis For the statistical analysis, a one-way analysis of variance followed by Dunnett's test was used (Tables 1, 3 ). Probability (p) values less than 0.05 were considered significant.
